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Digital Geometry ProcessingDigital Geometry ProcessingDigital Geometry Processing
Foundations for mesh processing

• Parameterization

• Resampling and Remeshing

• Processing
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Talk LayoutTalk LayoutTalk Layout

• Motivation & Previous Work
• Interactive Geometry Processing

• Geometry Analysis

• Resampling Design

• Remeshing

• Results
• Conclusions & Future Work

•• Motivation & Motivation & PreviousPrevious WorkWork
•• Interactive Interactive GeometryGeometry ProcessingProcessing

•• GeometryGeometry AnalysisAnalysis

•• ResamplingResampling DesignDesign

•• RemeshingRemeshing

•• ResultsResults
•• Conclusions & Future Conclusions & Future WorkWork
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Previous WorkPrevious WorkPrevious Work
Two very different fields, 

two very different goals:

• Finite Element community:
High-quality meshes for simulation:

remeshing with good aspect ratio

• Computer Graphics community:
3D meshes for the masses:

levels of detail for fast display

TwoTwo veryvery differentdifferent fieldsfields, , 
twotwo veryvery differentdifferent goals:goals:

•• FiniteFinite ElementElement communitycommunity::
HighHigh--qualityquality meshesmeshes for simulation:for simulation:

remeshingremeshing withwith goodgood aspect ratioaspect ratio

•• Computer Computer GraphicsGraphics communitycommunity::
3D 3D meshesmeshes for for thethe masses:masses:

levelslevels ofof detaildetail for for fastfast displaydisplay

5

Finite ElementsFinite ElementsFinite Elements
Use of parametric space
‘96 De Cougny & Shepard Geometry matching
‘96 Bossen & Heckbert 2D anisotropic
‘97 Borouchaki et al. Delaunay / metrics
‘98 Tristano et al. Advancing front

… or of an explicit mesh
‘97 Véron Adaptation
‘00 Frey Optimization
‘00 Rassineux et al. Moving least squares

Use Use ofof parametricparametric spacespace
‘96‘96 De De CougnyCougny & & ShepardShepard GeometryGeometry matchingmatching
‘96‘96 BossenBossen & & HeckbertHeckbert 2D 2D anisotropicanisotropic
‘97‘97 BorouchakiBorouchaki et al.et al. Delaunay / Delaunay / metricsmetrics
‘98‘98 TristanoTristano et al.et al. AdvancingAdvancing frontfront

… or … or ofof anan explicit meshexplicit mesh
‘97‘97 VéronVéron AdaptationAdaptation
‘00‘00 FreyFrey OptimizationOptimization
‘00‘00 RassineuxRassineux et al.et al. MovingMoving leastleast squaressquares
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Computer GraphicsComputer GraphicsComputer Graphics
101 ways to alter sampling and geometry:
• Decimation [Hoppe ‘96, Garland & Heckbert ‘98, 

Lindstrom & Turk ‘98, …]

• Refinement [Turk ‘92, Boissonnat & Cazals ‘01]

• Subdivision surfaces [Guskov et al. ‘98, Kobbelt ‘98, 
Maillot & Stam ‘01…]

• Spectral approach [Pauly & Gross ‘01]

• Feature remeshing [Kobbelt et al. ‘01]

101 101 waysways to to alteralter samplingsampling andand geometrygeometry::
•• DecimationDecimation [[HoppeHoppe ‘96, ‘96, GarlandGarland & & HeckbertHeckbert ‘98, ‘98, 

LindstromLindstrom & & TurkTurk ‘98, …]‘98, …]

•• RefinementRefinement [[TurkTurk ‘92,‘92, BoissonnatBoissonnat & & CazalsCazals ‘01]‘01]

•• Subdivision surfacesSubdivision surfaces [[GuskovGuskov et al.et al. ‘98, ‘98, KobbeltKobbelt ‘98, ‘98, 
Maillot & Maillot & StamStam ‘01…]‘01…]

•• Spectral Spectral approachapproach [[PaulyPauly & Gross ‘01]& Gross ‘01]

•• FeatureFeature remeshingremeshing [[KobbeltKobbelt et al.et al. ‘01]‘01]

Often hard/impossible to control Often hard/impossible to control 
the design of the output meshthe design of the output mesh
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What Remeshing Needs (I)What What RemeshingRemeshing Needs (I)Needs (I)
• Generality

From uniform to curvature-adapted meshes… 
in a unified pipeline 

•• GeneralityGenerality
From uniform to curvatureFrom uniform to curvature--adapted meshes… adapted meshes… 

in a unified pipeline in a unified pipeline 

originaloriginal uniformuniform adaptedadapted semisemi--regularregular
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What Remeshing Needs (II)What What RemeshingRemeshing Needs (II)Needs (II)
• Flexibility

• Control over the design of the remeshing
• Resampling (curvature-based, user-defined,…)
• Connectivity (valence dispersion, aspect ratio,…)

• Feature preservation

• Efficiency
• Routine operation, as fast as possible

• Realtime preview for easier design

• Slower only if high accuracy is required

•• FlexibilityFlexibility
•• Control over the design of the Control over the design of the remeshingremeshing

• Resampling (curvature-based, user-defined,…)
• Connectivity (valence dispersion, aspect ratio,…)

•• Feature preservationFeature preservation

•• EfficiencyEfficiency
•• Routine operation, as fast as possibleRoutine operation, as fast as possible

•• RealtimeRealtime preview for easier designpreview for easier design

•• Slower only if high accuracy is requiredSlower only if high accuracy is required
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What We ProposeWhat We ProposeWhat We Propose
Interactive Geometry Remeshing

Three main ideas:
• Work in parameter space:

2D space, much easier/faster!

• Use a density map to design the sampling:
Density map can be computed and/or painted

• Avoid long optimizations as much as we can:
Error diffusion for near-optimal vertex placement

Interactive Geometry Interactive Geometry RemeshingRemeshing

Three main ideas:Three main ideas:
•• Work in parameter space:Work in parameter space:

2D space, much easier/faster!2D space, much easier/faster!

•• Use a density map to design the sampling:Use a density map to design the sampling:
Density map can be computed and/or paintedDensity map can be computed and/or painted

•• Avoid long optimizations as much as we can:Avoid long optimizations as much as we can:
Error diffusion for nearError diffusion for near--optimal vertex placementoptimal vertex placement
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Our Method At a GlanceOur Method At a GlanceOur Method At a Glance
Remeshing Pipeline:

• Geometry Analysis - input-dependent
Parameterization (remove embedding)
Geometry Maps (2D images to substitute for 3D)

• Remeshing Design - realtime
Flexible Design (use conventional DSP tools)
Realtime Resampling (use error diffusion)

• Mesh Generation - output-dependent
Triangulation and Reprojection (2D back to 3D)
Final Optimization (only if needed!)

RemeshingRemeshing Pipeline:Pipeline:
•• Geometry AnalysisGeometry Analysis -- inputinput--dependentdependent

ParameterizationParameterization (remove embedding)(remove embedding)
Geometry MapsGeometry Maps (2D images to substitute for 3D)(2D images to substitute for 3D)

•• RemeshingRemeshing DesignDesign -- realtimerealtime
Flexible DesignFlexible Design (use conventional DSP tools)(use conventional DSP tools)
RealtimeRealtime ResamplingResampling (use error diffusion)(use error diffusion)

•• Mesh GenerationMesh Generation -- outputoutput--dependentdependent
Triangulation and Triangulation and ReprojectionReprojection (2D back to 3D)(2D back to 3D)
Final OptimizationFinal Optimization (only if needed!)(only if needed!)
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Geometry Analysis (I)Geometry Analysis (I)Geometry Analysis (I)
• Creating an Atlas of Charts

Use, for instance: [Grimm & Hughes ‘95, Garland et al.
‘01, Pauly & Gross ‘01, Lévy et al. ‘02]

• Removing the Embedding
Parameterize the charts to work in 2D

• Conformal recommended!
[Pinkall & Polthier ‘93, Eck et al. ‘95, Haker et al. ‘00, 
Lévy et al. ‘02, Desbrun et al. ‘02]

•• Creating an Atlas of ChartsCreating an Atlas of Charts
Use, for instance:Use, for instance: [Grimm & Hughes ‘95, [Grimm & Hughes ‘95, GarlandGarland et al.et al.

‘01, ‘01, PaulyPauly & Gross ‘01, Lévy & Gross ‘01, Lévy et al.et al. ‘02]‘02]

•• RemovingRemoving thethe EmbeddingEmbedding
ParameterizeParameterize thethe chartscharts to to workwork in 2Din 2D

•• ConformalConformal recommendedrecommended!!
[[PinkallPinkall & & PolthierPolthier ‘93, Eck ‘93, Eck et al.et al. ‘95, ‘95, HakerHaker et al.et al. ‘00, ‘00, 
Lévy Lévy et al.et al. ‘02, ‘02, DesbrunDesbrun et al.et al. ‘02]‘02]
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Geometry Analysis (II)Geometry Analysis (II)Geometry Analysis (II)
• Precomputing Geometry Maps

• Substitute 2D maps for the geometry:
Area stretch, mean and gaussian curvatures, 

x,y,z, normal map, etc…

• Use OpenGL to draw the maps faster (×103)

•• PrecomputingPrecomputing Geometry MapsGeometry Maps
•• Substitute Substitute 2D maps2D maps for the geometry:for the geometry:

Area stretch, mean and Area stretch, mean and gaussiangaussian curvatures, curvatures, 
x,y,z, normal map, etc…x,y,z, normal map, etc…

•• Use Use OpenGLOpenGL to draw the maps faster (to draw the maps faster (××101033))

DiscreteDiscrete DifferentialDifferential--GeometryGeometry OperatorsOperators for for 
TriangulatedTriangulated 22--Manifolds.Manifolds. [Meyer [Meyer et al.et al. 02]02]

ParametricParametric domaindomain AreaArea stretchingstretching MeanMean curvaturecurvature GaussianGaussian curvaturecurvature


